Abstract: Butyrylcholinesterase (BuChE)
Introduction
Humans are exposed to the wide range of xenobiotics. Many of them include esters (e.g. medicaments, food additives, pesticides). The main way of their detoxification in the body is the enzyme-catalyzed hydrolysis. Butyrylcholinesterase (BuChE, EC 3.1.1.8) is one of the enzymes responsible for this reaction (Cracken et al., 1993) . BuChE is a serine esterase that plays an important role in toxicology and pharmacology due to its ability to hydrolyze various ester-containing drugs (e.g. cocaine, heroin, succinylcholine, aspirin) and to scavenge poisonous carbamoyl and organophosphate esters (Lockridge 1990; Cerasoli & Lenz 2002) . So far no specific physiological function has been assigned to BuChE. Several authors suggest that BuChE could be involved in the development of nervous system and can participate in pathology of some neurodegenerative diseases (Darvesh et al., 2003) . It is possible that this enzyme serves to substitute the physiological role of acetylcholinesterase (EC 3.1.1.7) since it hydrolyses the neurotransmitter acetylcholine (Li et al., 2000; Mesulam et al., 2002) .
It has been known for a long time that BuChE does not follow the Michaelis-Menten kinetics with positively charged esters, such as choline, thiocholine and benzoylcholine (Masson et al., 2004) . Hysteretic behavior of BuChE was observed with certain neutral and charged esters particularly in human, horse and rat (Masson et al., 2005) . Oscillations that superimpose on hysteretic lag were observed when benzoylcholine and N-alkyl derivates of benzoylcholine (BCHn) were used as substrate. This was postulated to be due to the presence of multiple enzyme states and multiple substrate conformations in slow equilibrium (Hrabovská, 2005; Masson et al., 2005) .
Less knowledge was postulated about the cellular and tissue distribution of BuChE so far. High activity in many first-contact tissues (e.g. lungs, skin, blood and placenta) and high affinity towards a wide range of xenobiotics support the hypothesis that BuChE is primarily a detoxification enzyme. Inter-species differ- ences of BuChE activity are probably caused by subtle changes (a few residues) in the amino acid sequence. This fact could possibly change the affinity of the enzyme to the substrate (Hrabovská et al., 2006) . Identity of rat BuCHE with human BuChE is 81% and 80% at the nucleotide and amino acid sequence level, respectively. Active site amino acid region of rat BuChE differs from the human enzyme in eight residues (BoeckTicu et al., 2002) .
The purpose of this work was to determine the possible differences among the individual forms of BuChE with regard to inter-tissue and inter-species level with BCHn as substrates.
Material and methods

Enzymes
Preparation of microsomal and serum fractions. The microsomal fractions were isolated from rat and rabbit liver by differential centrifugation using 20% whole organ homogenate in 0.25 M sucrose solution (CINTI et al., 1972) . Serum fractions were prepared from rabbit and rat blood, collected from arteria carotis. Blood was stored for 1 h at 0-4 Rat recombinant BuChE. Gene for rat recombinant BuChE (rBuChE) was a gift from Prof. O. Lockridge, University of Nebraska Medical Centre, Omaha, NE, USA. BuChE was expressed in CHO K1 cells and purified from serum-free medium by affinity chromatography and ion exchange chromatography on DE52 (XIE et al., 1999) . Enzyme active site concentration [E] of highly purified preparation was titrated at residual activity after inhibition by chlorpyrifosoxon (AMITAI et al., 1998) .
[E] was 1.15 ± 0.094 µmol. Protein concentration was determined according to Lowry.
Substrates C6H5-COO(CH2)2-N(CH3)2R, were N-alkyl derivatives of benzoylcholine N-(2-benzoyloxyethyl) alkyldimethylammonium bromides, with alkyl chain (R) 1-10 carbons long, (abbreviated BCHn, where n is the number of carbons in the alkyl side chain) (CSIBA et al., 1986) . They belong to the quaternary ammonium salts with antimicrobial activity. All substrates were white crystalline substances, chromatographically pure, well soluble in polar solvents. The substrate solutions were freshly prepared by dissolution in distilled water at laboratory temperature.
Standard incubation mixture
Enzymatic reaction was incubated for 10 min in aerobic conditions at 37
• C. Microsomal and serum fractions equivalent to 6 mg of protein per incubation mixture or rBuChE fraction equivalent to 1.5 mg of protein per 3.5 mL incubation mixture were dissolved in 2.3 mL 0.15 M of potassium phosphate buffer (pH 7.38) which contained 0.57 mM MgCl2.. To this mixture 0.1 mL 1 mM substrate BCHn was added to initiate the reaction in a final volume 3.5 mL. Incubation was stopped after 10 min in all cases by lowering the pH to 2.5 with 1 M HCl. p-Iodobenzoic acid in CH3OH was added after incubation as an internal standard. Incubation mixture was extracted 3 times in CHCl3 (10 mL). Extracts were combined, filtered and vacuum dried. Dried samples were re-dissolved in CH3OH and analyzed by HPLC. The HPLC assay was performed as described before (HELIA et al., 1995) .
Benzoic acid (hydrolytic product) production was recorded and reaction rate was calculated. Activity of enzyme fraction was expressed in nmol of benzoic acid formed per min, calculated per 1 mg of protein. Obtained results were subjected to a statistical analysis using the Student t-test.
Results and discussion
Butyrylcholinesterase has been a hot topic for scientists for a long time. High BuChE affinity towards many xenobiotics with ester bond indicates that BuChE is primarily a detoxification enzyme. BuChE appears in a multiple molecular forms whose catalytic activity depends on cellular or tissue distribution. Differences have been observed on inter-species level as well.
Five sources of BuChE were used for inter-tissue and inter-species studies. They were serum or liver microsomal fractions from both rat and rabbit and rat rBuChE. Substrates were benzoylcholine and its Nalkylderivates, BCHn with N-alkyl chain n = 1-10 carbons long. Substances have an antimicrobial activity. Since their ester bond is easily biodegradable, they belong to the group of "soft" drugs. Products of BuChEcatalyzed hydrolysis of BCHn are N-substituted choline and benzoic acid. Production of benzoic acid was monitored as a function of time. Hydrolytic rate for all homologues was determined in rabbit and rat liver microsomes and serum and it was compared to rBuChE ( Figs  1,2) .
Rate of hydrolysis of BCHn catalyzed by microsomal BuChE from rabbit liver increased with alkyl length, reaching maximum for BCH 8 . Statistically significant drop (p < 0.05) was observed for BCH 10 homologue. For rat liver microsomal fraction, reaction rate varied for each homologue. The curve (hydrolytic rate vs. N-alkyl length) had alternating maxima and minima between neighboring homologues but the differences were not statistically significant. It can be therefore considered that tendency of enzyme's activity decreased gradually in dependence on the length of the alkyl sidechain. Catalytic activity of serum BuChE forms gradually decreased in dependence on alkyl length and course of hydrolytic activity was very similar of both studied species. Hydrolytic rate decreased from BCH 1 to BCH 10 . Analogous values were observed for rBuChE. Course of hydrolytic activity of serum BuChE of both species studied, as a function of alkyl chain length of the BCHn, was the same as that for rBUChE. BCH 10 homologue showed the lowest value within all performed measurements. Extremely low value of hydrolytic rate in case of BCH 10 for all studied enzyme fractions resulted probably from improper orientation of substrate in the active site of BuChE, as supported by docking studies with human and rat BuChE (Hrabovská, 2005) . Observed effect could be caused by product inhibition as well. Longer N-alkyl choline could bind at the peripheral anionic site with the long alkyl chain blocking the access of substrate to the active site of BuChE. Low BuChE activity for BCH 10 can also be explained by production of aggregated forms. Micelle formation could decrease an actual concentration of substrate available for enzyme (Olaszová et al., 1998) . For longest-chain substrates, BCH 12 -BCH 18 , the non-linear progress curve v versus t (v-t curves) was observed. They also had reduced k cat values. The hydrolytic rate of BCH 12 and longer alkyl chain esters vs. substrate concentration showed a premature plateau far below V max . This was due to the loss of substrate availability. These homologues were therefore excluded from the study.
It should be pointed out that the best substrates have been short alkyl homologues (BCH 1 -BCH 4 ) for all studied BuChE forms (Hrabovská et al., 2006) . Presented data show inter-species and inter-tissue variability in enzyme hydrolysis of BCHn. Inter-species variability was particularly observed in case of microsomal fraction of both rat and rabbit. While rabbit microsomal BuChE activity increased, rat microsomal BuChE activity decreased as a function of alkyl chain length of BCHn. Increasing BuChE activity has already been reported for the mouse kidney microsomal fraction (Olaszová et al., 1998) . The course of BuChE activity towards BCHn in mouse kidney was the same as that for rabbit microsomal fraction.
These findings might indicate an inter-species variability but to pronounce a conclusion would be premature. Inter-tissue differences were assigned to rabbit exclusively. Catalytic BuChE activity in rabbit serum as compared to microsomes had different tendency in dependence on alkyl length. A comparison of curves obtained from rat serum, rat microsomes and rabbit serum shows several common features. In all the three cases the course of hydrolytic activity towards BCHn was the same as that for rBuChE.
The level of BuChE participation in BCHn hydrolysis was proven by inhibitory studies with physostigmine. Complete inhibition of the hydrolysis was achieved in all studied BuChE forms up to BCH 10 except for the rabbit microsomal fraction where the inhibition was incomplete (Pauliková et al., 2004) . Rabbit microsomal fraction seemed to have high participation of different esterases involved in the hydrolysis of BCHn. It is possible that the microsomal carboxyesterases or lipases play an important role in this process.
It could be concluded that BuChE is a remarkable enzyme specific for substrate, tissue and species. It is responsible for the biodegradation of benzoylcholines as well as esters where an acyl part of molecule is aromatic ring or a longer aliphatic chain. Indisputably BuChE is one of the very important enzymes for biotransformation of a lot of medicaments containing ester bond from different pharmacological groups.
